This study assessed essential minerals in sweet cassava (Manihot esculenta), Lucea yam (Dioscorea rotundata), plantain (Musa sp.) and pumpkin (Cucurbita pepo) by atomic absorption spectrophotometry while mineral bioavailabilities were assessed by in vitro enzymatic digestion.
Introduction
Some of the most commonly consumed staple crops worldwide are cereals including rice, barley, wheat and maize. In addition, yams (Dioscorea spp.), cassava (Manihot esculenta), plantain (Musa spp. AAB group), pumpkin (Cucurbita pepo), breadfruit (Artocarpus altilis) and other starchy foods are also commonly consumed in many regions of Asia, Africa and the Caribbean (Etebu & Young-Harry, 2011; Ogunlade et al., 2011; Dilworth et al., 2012) .
Yams are dynamic staple foods and can be made edible by various preparation methods including frying, boiling, baking and roasting. In many countries, its demand has always outstripped supply with one contributory factor being post-harvest losses (Amusa et al., 2003) . Nevertheless, yam production contributes significantly to export income of the Caribbean; with a value exceeding US$18,000,000 in 1997 (Beckford et al., 2011) . The yam varieties most widely cultivated and consumed throughout the region include Yellow yam, St. Vincent, Lucea and Renta varieties, with most research focus placed on Yellow yam. may be processed in numerous ways, either the ripe or unripe state, prior to consumption. In addition to the nutrient value of the crop, research has also uncovered potential health benefits of its extracts that contain a wide variety of bioactive compounds with high therapeutic antioxidant activities (Akinmoladun et al., 2007) . Recent research also highlights positive effects of plantain meals on glycaemic indices of healthy individuals (Ayodele & Godwin, 2010) .
Pumpkin, a highly nutritious crop, contains high levels of protein, minerals and amino acids. By-products including seeds are also valued for their high nutrient value (Ndoro et al., 2007; Dilworth et al., 2012) . Research shows that numerous pharmacological activities, including anti-carcinogenic and lipid lowering properties, are attributable to this versatile crop (Hong, 2005; Makni et al., 2008) . Pumpkins, in addition to plantains, cassava and yams, are valuable components to the diets of persons living in the tropics and sub-tropical regions.
Bioavailability refers to the portion of minerals in foods that is available for utilisation for normal metabolism (Fairweather-Tait, 1992) . Numerous factors contribute to mineral bioavailability including structure; size and weight of the mineral; presence of mineral-chelating factors within the food source; and health status of an individual. The food crops assessed in this study are shown to be high in some essential minerals, however, mineral bioavailability from cooked and uncooked samples needs to be assessed, since this information indicates the percentage of mineral available for absorption. The food samples selected are of economic and nutritional interest as they make up a large portion of the carbohydrate component of the diets of numerous individuals especially those residing in tropical and subtropical areas. This research is therefore aimed at assessing the bioavailability of some essential minerals from commonly eaten tropical staple crops following in vitro digestion. Research in this regard is geared at providing valuable information that will aid in facilitating increased production of these and other staples, leading to improved food security, specifically in regions where under-nutrition is a cause for concern.
Methodology

Materials
Fresh matured samples of Lucea yam (D. rotundata), Sweet cassava (Manihot esculenta), Plantain (Musa spp AAB group) and Pumpkin (Cucurbita pepo) were collected from a farm in the parish of Trelawny, central Jamaica. Samples were collected in the summer months of June to August. Once collected, samples were stored on ice and transported to the lab where they were washed, peeled (to remove inedible parts), diced and oven-dried to constant weight at 40°C. After dicing, replicate samples were also cooked by boiling at atmospheric pressure for 15 minutes in a 10 fold (v/w) of deionised water followed by oven drying. All samples were then crushed in a laboratory mill (Cole-Parmer IKA Continuous feed grinding mill, EW-04301-30, Chicago Illinois USA) mesh size 0.2 mm and frozen for further use. Results are reported as milligrams per Kilogram of dry weight. All samples were collected and assessed in triplicates.
Analytical Methods
Calcium, magnesium, zinc and iron were determined by standard atomic absorption spectrophotometeric methods (AOAC, 2000) . Samples were ashed, acid digested and taken to solution in deionised water. A nitrous oxide/acetylene mixture was used and minerals were assessed at the following wavelengths; calcium 422.7 nm, iron 248.3 nm, zinc 213.9 nm and copper 327.7 nm. In assessing calcium and zinc, 0.7 nm slit width was used while 0.2 nm was used for assessing iron and magnesium. When determining calcium content, a solution of lanthanum chloride was added to all samples, including the reference samples, to attain a 0.5% La 3+ concentration. The accuracy of the analytical method was confirmed through a series of certified analyses of reference materials. Appropriate spikes were added to specific samples for recovery determination. Samples were read using a Unicam 939 atomic absorption spectrophotometer equipped with background correction lamps.
Enzymatic Digestion
The availability of minerals from these commonly eaten tuber crops was assessed after in vitro enzymatic digestion followed by further analyses of the residues and filtrates. The degree of release of minerals during in vitro digestion was carried out according to the method of Ikeda (1990) with modifications. De-ionised water (10 mL) was added to 1.0 g of sample and supplemented with sodium azide to a final concentration of 0.025%. The solution was then brought to pH 2.0 with 1 M HCl after which pepsin solution was added at the level of 0.5 g enzyme per 100 g. Incubation of the samples followed at 37°C for 2 hours. The pH of the solutions were monitored during this period and adjusted by adding 2 M HCl where necessary. After the incubation period, the pH of the solutions was raised to 6.8-7.0 by adding 6% NaHCO 3 solution. A solution of pancreatin (0.4%) was added at the rate of 10 ml per 40 mL of sample solution, followed by incubation for 4 hours. The mineralized sample was centrifuged at 4000 rpm for 30 min and decanted by draining through medium-hardness paper. Ashing of the sample was done as described earlier and the filtrates were also analyzed for their mineral contents. The percentage soluble minerals represent their bioavailability expressed as: concentration of minerals in the filtrate (soluble fraction) as a percentage of total minerals in the digested sample.
Statistical Analyses
Results were expressed as means ± Standard Error of the Mean (SEM). Statistical Package for the Social Sciences (SPSS) version 16.0 was used for one way Analysis of variance tests to assess significant difference among samples. Duncan's Multiple Range Test was used to test for significant difference among the means and a cutoff p value <0.05 was taken as significant (Sokal & Rolf, 1969 , 1994 . Calcium content of undigested samples was assessed in the cooked and uncooked states as highlighted in Table 1 . This assessment serves as a good indicator of the amount of minerals in processed versus unprocessed food samples. Calcium content of undigested uncooked Lucea yam and ripe plantain samples were significantly higher than values observed in the corresponding cooked samples.
Results
Calcium
Calcium content of cooked and uncooked digested sweet cassava were similar (2800 ± 200 and 2800 ± 180 mg/Kg respectively) while significant variations were observed in digested cooked and uncooked samples of Lucea yam (1350 ± 150 mg/Kg and 1600 ± 100 mg/Kg) and ripe plantain (1250 ± 250 and 1650 ± 200 mg/Kg). Calcium concentrations in digested unripe plantain as well as other samples did not vary significantly from each other.
Assessment of sample filtrates shows that in cooked samples, the highest percent of soluble calcium was observed in samples of unripe plantain (12.94%), followed by Lucea yam (7.27%) and pumpkin (6.32 % Assessment of undigested samples showed that only moderate decreases in zinc were observed on cooking. Significant reductions were observed in cooked samples of cooked pumpkin which recorded 61.5 percent reduction compared to uncooked samples.
Magnesium
Zinc
Modest variations were observed between cooked and uncooked digested samples of sweet cassava ripe plantain and unripe plantain. Digested samples of cooked Lucea yam and pumpkin samples however displayed reductions of 17% and 27.8% in zinc compared to uncooked samples.
The percentage soluble zinc as assessed in the filtrate showed that uncooked samples of sweet cassava and ripe plantain contained 9.87% and 9.68% soluble zinc while Lucea yam, unripe plantain and pumpkin contained 6.75%, 6.87% and 6.2% respectively. Assessments of cooked samples showed that percentage soluble zinc varied from 6.59% in unripe plantain samples to 16.06% samples of Lucea yam. Table 5 shows percentage soluble minerals in commonly consumed tropical foods. A general overview shows that higher percentages of soluble minerals were observed in cooked food samples compared to uncooked samples. Soluble magnesium concentrations were however higher in uncooked samples of ripe plantain and pumpkin compared to cooked samples. Uncooked samples of sweet cassava and unripe plantain also displayed higher percentages soluble zinc compared to cooked samples. Higher percentages of soluble magnesium and iron were generally observed in the food samples compared to soluble calcium and zinc.
Discussion
Calcium has important functions in membrane permeability, neuromuscular excitability, neurotransmitter release, blood coagulation and is also involved in numerous other metabolic pathways (Davis et al., 2001) . In light of its importance to mammalian metabolism, assessments of its concentrations in commonly consumed staples, along with factors that may affect its availability from such foods, are of importance. Calcium concentration of unprocessed food samples varied considerably with the highest amounts recorded in samples of sweet cassava; only a 3% reduction was observed after cooking. This bears some significance as production and consumption of sweet cassava in many tropical countries is currently on the decline. This research however shows that in light of its high calcium content, increased cassava production should be encouraged in order to address dietary deficiencies of this mineral. Appreciable levels of calcium were also observed in samples of ripe plantain as well as pumpkin. Samples of unripe plantain recorded significantly lower calcium compared to ripe plantain and this is in line with previous researchers who noted that concentration of some minerals increased in plantain on ripening (Izonfuo & Omuaru, 1988) . This suggests that in addition to its vitamin content, the plantain fruit in the ripe stages can also be exploited for its calcium content. Further studies related to the ripening stage at which calcium and other minerals are present in highest quantities are needed as this will help to maximize the nutritional potential of this underutilized food.
Following sample digestion, mineral content of the residues and filtrates were assessed with the concentration in filtrate representing the soluble mineral portion. The mineral content in the filtrates represents the soluble portion of minerals hence the portion available for absorption (Skibniewska, 2002) . Assessments of the digested residues showed that cooking resulted in reduced calcium content of the food samples assessed. This may be attributed to the method of cooking as mineral loss may occur whenever food samples are boiled in large volumes of water; resulting in mineral loss to the boiling medium. The observed loss of minerals from staple crops after boiling was also observed previously (Ebuehi, 2005; Dilworth et al., 2007) . Mineral loss to water medium may however be beneficial in cases where the liquid is retained for consumption e.g. in preparation of stews or soups. In these scenarios, minerals lost from the food sample are still available for consumption. Assessment of sample filtrates showed that soluble calcium concentrations were generally higher in cooked samples compared to uncooked ones. This was expected as cooking increases the release of minerals from foods by mainly reducing antinutrient levels in the food samples (Lewu et al., 2009) . The data showed that, except for unripe plantain with 12.9% soluble calcium, total soluble calcium of all other crops was less than 10%. One reason for low bioavailability of minerals from staple foods may be due to insufficient mineral assimilation due to harvesting of food crops before they are fully mature. For this study, we theorise that the presence of tannins, phytates, oxalates and other mineral-chelating factors, in addition to their possible resistance to the cooking procedure employed, may have contributed to reduced bioavailability of calcium. Future studies aimed at assessing the effects of different cooking methods on calcium bioavailability would be useful. Further work inclusive of in vivo assays are useful in assessing mineral bioavailability hence these assays along with solubility studies should provide a more complete assessment of essential mineral bioavailability as opposed to solubility studies alone.
Iron is an important micronutrient required for formation and functioning of haemoglobin, myoglobin, some antioxidant enzymes as well as components of the electron transport chain (Guyton & Hall, 1996) . While it is an important mineral, it is absorbed slowly and may have negative effects in high dosages. Appreciable levels of iron were observed in undigested food samples with some samples recording no significant lowering of iron content following cooking. Following digestion, all sample residues recorded reduced iron content in cooked samples compared to uncooked ones. Assessment of soluble iron in cooked samples shows that its bioavailability based on soluble iron content ranged from 17.5% in pumpkin samples to 37.19% in samples of unripe plantain. This data suggests that the food crops analysed may serve as important sources of dietary iron. This is a significant finding since production of these crops traditionally grown in the Caribbean region have seen steady decline over time in favour of imported staples which may be cheaper than locally grown staples. This data therefore argues for refocused attention to increased production of traditionally grown staples that are capable of fulfilling macro and micronutrient dietary requirements. Importantly, this research found that daily consumption of 1.1 Kg of unripe plantain is enough to satisfy both United States of America and United Kingdom daily recommended iron intake 15 mg and 14 mg respectively. It is important to note however that bioavailability of iron from these samples is not an indication of the amount that is eventually absorbed by the body. Only in vivo studies can confirm the amount of minerals absorbed since other factors including molecular form of the mineral, as well as the presence of mineral chelating factors present within foods, may influence the amount of minerals absorbed. Previous studies however show that prior to consumption, appropriate processing of starchy foods commonly consumed in the tropics will reduce antinutrient content to levels that will not significantly affect mineral availability Osagie, 1998) . Other factors including nutritional status and vitamin C intake may also affect iron absorption and usage.
Magnesium is the most abundant divalent cation in the body and is an important cofactor in more than three hundred enzymatic reactions, with its deficiency affecting virtually every organ in the body (Baler, 1991 (Baler, , 1992 . Assessment of digested samples showed that there were general reductions in magnesium content after cooking and this may be attributed to mineral loss to the cooking medium. Soluble magnesium content were low compared to the concentrations in undigested samples, however the concentrations in cooked samples were enough to satisfy 20% of recommended daily allowance (of about 400 mg) for a adult (Institute of medicine, 1999). Results from this study showed that magnesium content of the staple crops assessed in this study are higher than concentrations of those cultivated elsewhere (Osagie, 1998; Adeniji & Tenkouano, 2008; Thomas & Oriaku, 2010) . No data on magnesium content of the Lucea yam cultivar was found; hence this paper may be the first contribution to the literature in that regard. Although literature has information on magnesium content of some staples, data is sparse on actual bioavailability of this mineral from these staples commonly consumed in the tropics. As a result, further comparative studies on bioavailability of magnesium from samples grown elsewhere are needed. Since magnesium is of critical importance to normal metabolism, further research aimed at ascertaining its bioavailability from commonly consumed staples and the factors that may be antagonistic to its availability is needed.
Zinc plays significant roles in animal metabolism as it is important for neuronal development, maintenance of epithelial structures, immune cell functioning and preservation of cardiac function (Soinio et al., 2007; Haase & Rink, 2009) . The content and bioavailability in commonly consumed staples should therefore serve as an important addition to the body of knowledge available to food industry interests. Data related to zinc content of sample filtrates indicated that cooking did not significantly enhance bioavailability of zinc from the food samples assessed. Research shows that starchy tubers are not known to be excellent sources of zinc due to the presence of mineral chelating factors including phytates within these food crops. This research however showed that all the samples assessed contain appreciable levels of soluble zinc. In addition to animal protein, which serves as the main sources of zinc, we propose that the staple crops assessed in this study may also serve as important sources of dietary zinc. This and previous studies Dilworth et al., 2012) show that appreciable levels of zinc are found in commonly eaten staples, however, as with other minerals, we contend that bioavailability of zinc and factors affecting bioavailability from these foods are more important parameters to assess as opposed to mineral content only. It is notable that while data exists regarding mineral content of food samples, that there is a scarcity of data regarding their bioavailability from the samples selected for this study.
Conclusion
While data exists regarding mineral content of foods, there is a paucity of data regarding mineral bioavailability from commonly consumed tropical staples. This paper is significant as it highlights bioavailability of essential minerals from commonly consumed staples as opposed to mineral content only. While the staple crops assessed are always promoted for their starch content, this research suggests that they may also serve as important sources of some essential minerals. This bears some significance as the staple crops assessed may play important roles in reducing the incidences of reported mineral deficiencies in the Caribbean and other regions of the tropics. Data from this study is also of relevance to developers of highly nutritious nutraceutical products from locally grown staple food crops. Research related to methods of improving mineral availability from commonly consumed staples, while maintaining palatability, is required since these food samples make up a large percentage of the diets of many residents in tropical and subtropical areas. This research shows that regional agricultural interests should re-evaluate the reasons for the decline in production of some foods assessed in this study in an attempt to revamp production, thereby increasing their output. This is significant as the food samples assessed are highly nutritious, easy to cultivate and may be important contributors in alleviating any impending food crisis. We contend that in vivo studies provide more accurate data regarding mineral bioavailability as opposed to estimated correlation between solubility and bioavailability. Data from in vivo studies are therefore needed for comparison.
